Objective There is little information regarding the incidence of bacterial infections as an adverse effect of telaprevir (TVR)-based triple therapy. This study was performed in order to evaluate the baseline and ontreatment predictors of bacterial infections in patients treated with TVR-based triple therapy. Methods This multicenter study evaluated 430 patients with chronic hepatitis C who received 12 weeks of TVR in combination with 24 weeks of pegylated interferon α2b plus ribavirin. The occurrence of a bacterial infection during anti-viral treatment was defined as the onset of local or systemic inflammation as a result of pathogenic bacteria. Results Bacterial infections occurred in 21 of the 430 (4.9%) patients during TVR-based triple therapy. Among these subjects, 71.4% (15 of 21) experienced bacterial infections during the initial eight weeks of treatment. Urinary tract infections were the most frequent infection, observed in 2.8% of cases (12 of 430). The rate of urinary tract infection among women (11 of 215, 5.1%) was significantly higher than that observed among men (1 of 215, 0.5%) (p<0.0001). According to a multivariable logistic regression analysis, the only significant independent predictor was the pretreatment serum albumin level (p=0.0008). Of the 21 patients who experienced bacterial infections, only one (4.8%) had to discontinue the treatment; however, the others were able to continue anti-viral treatment in combination with antibiotic treatment. Conclusion Clinicians should be concerned regarding the incidence of bacterial infections among patients treated with TVR-based triple therapy, especially those with a low serum albumin level.
Introduction
Chronic hepatitis C virus (HCV) infection may result in serious health problems, including decompensated liver cirrhosis and hepatocellular carcinoma (1, 2) . The goal of treat-ment for chronic hepatitis C is to achieve a sustained virological response (SVR), defined as undetectable HCV RNA in the serum 24 weeks after the end of treatment. SVR has been reported to be associated with a reduced incidence of hepatocellular carcinoma and hepatic decompensation as well as prolonged survival (2) (3) (4) . In Japan, the majority of patients are infected with HCV genotype 1. Treatment with a combination of pegylated interferon α (PegIFNα) plus ribavirin (RBV) for 48 weeks has been the first-line therapy for HCV for the past decade. However, the rate of a SVR is only approximately 50% among patients infected with HCV genotype 1 (5) (6) (7) (8) .
Telaprevir (TVR), a first-generation HCV non-structural 3/4A (NS3/4A) protease inhibitor, has been approved for the treatment of chronic hepatitis C genotype infection in Japan since 2011 (9) . The SVR rate improved to over 70% for HCV genotype 1 patients following the introduction of TVR-based triple therapy, combined with PegIFNα and RBV (10) (11) (12) (13) . Notably, the SVR rate rises to over 80% among prior relapsers (14) (15) (16) (17) . However, many adverse effects have been reported during TVR-based triple therapy, including severe anemia and drug-induced skin disorders (13, 17, 18) . Malaise, anorexia, increased serum creatinine and depression have also been reported (19) . Nevertheless, there remain little data regarding the occurrence of bacterial infections during TVR-based triple therapy in clinical practice.
For this reason, we conducted a multicenter study to investigate the characteristics and baseline and on-treatment predictors of the incidence of bacterial infections in chronic hepatitis C patients treated with TVR-based triple therapy.
Materials and Methods

Patients
The current study evaluated 430 patients (age range: 22-75 years) for whom data were available at the end of treatment. The study population included 165 patients (38.4%) who were treatment-naïve, 165 (38.4%) with a history of prior relapse, 81 (18.8%) with a prior partial/null response and 19 (4.4%) with an unknown response. The exclusion criteria were as follows: (1) positivity for antibodies to human immunodeficiency virus or hepatitis B surface antigens; (2) clinical or biochemical evidence of hepatic decompensation (ascites, bleeding varices or encephalopathy); (3) other causes of liver disease (autoimmune hepatitis or primary biliary cirrhosis); (4) excessive active alcohol consumption (a daily intake of more than 40 g of ethanol) or drug abuse; (5) suspected hepatocellular carcinoma or active cancer at entry; (6) treatment with anti-viral or immunosuppressive agents prior to enrollment; (7) very poorly controlled heart disease, pulmonary disorders, diabetes or thyroid disease; (8) current or a history of depression, a history of suicide attempts; or (9) pregnancy in progress or planned during the study period for either partner. The study protocol was conducted in accordance with the ethical principles of the Declaration of Helsinki and approved by the Ethics Committee of each participating hospital. Informed consent was obtained from all patients prior to enrollment.
Clinical and laboratory assessments
The clinical parameters were measured according to standard laboratory techniques at a commercial laboratory (SRL Laboratory, Tokyo, Japan). The body mass index was calculated as the patient's weight in kilograms/height in square meters. The estimated glomerular filtration rate was calculated based on the Modification of Diet in Renal Disease formula.
Assessment of liver fibrosis
Liver biopsies were performed in 248 (57.7%) of the studied patients by experienced hepatologists. All anti-viral treatments were initiated within one month after the liver biopsy. The minimum length of the liver biopsy specimen was 15 mm, and at least 10 complete portal tracts were required for inclusion. For each specimen, the stage of fibrosis and grade of activity were established according to the METAVIR score (20) .
Determination of HCV markers
Clinical follow-up of HCV viremia was conducted using real-time polymerase chain reaction (COBAS TaqMan HCV test v2.0, Roche Diagnostics, Tokyo, Japan), with a detectability level of ! 15 IU/mL and a linear dynamic range of 1.2-7.8 log IU/mL. The HCV RNA level was measured at baseline, regularly during treatment, at early discontinuation and at each follow-up visit after the end of treatment. The HCV genotype was determined according to a sequence analysis of the 5'non-structural region of the HCV genome followed by a phylogenetic analysis (21) .
Anti-viral treatment
All patients received combination treatment consisting of TVR (Telavic, Mitsubishi Tanabe Pharma, Osaka, Japan), PegIFNα2b (Peg-Intron, MSD, Tokyo, Japan) and RBV (Rebetol, MSD) for 12 weeks, followed by an additional 12 weeks of PegIFNα2b and RBV alone. TVR was administered at a dose of 750 mg three times a day at an eight-hour interval after each meal. If marked anorexia, elevation of serum creatinine or severe anemia developed, the TVR dose was reduced. PegIFNα2b was injected subcutaneously once weekly at a dose of 1.5 μg/kg. RBV was given orally at a daily dose of 600-1,000 mg based on body weight (600 mg for patients weighing <60 kg, 800 mg for those weighing 60-80 kg and 1,000 mg for those weighing >80 kg).
Diagnosis of bacterial infection
The occurrence of bacterial infection during anti-viral treatment was defined as the onset of local or systemic inflammation as a result of pathogenic bacteria. Laboratory examinations and medical diagnostic imaging were performed in cases involving clinical symptoms, such as fever, during treatment. Antibiotics were administered after identifying the foci of infection. The decision to discontinue the TVR-based triple therapy due to bacterial infection was made primarily based on the discretion of the physicians at each hospital.
Statistical analysis
The statistical analyses were conducted using the SPSS statistics 19.0 software program (IBM SPSS, Chicago, USA). Continuous data are expressed as the median with the interquartile range, and categorical variables are reported as frequencies and percentages. Univariate analyses were performed with bacterial infection as the outcome. In order to identify independent factors predicting bacterial infection, variables with a p value of <0.05 in the univariate tests were used as candidate factors for the multivariable logistic regression analysis. The results are expressed as the odds ratio (OR) and 95% confidence interval (CI). A p value of less than 0.05 was considered to be statistically significant in all analyses.
Results
Patient characteristics and incidence of bacterial infection
The characteristics of the 430 studied patients are shown in Table 1 . Bacterial infections occurred during the treatment period in 21 of the 430 (4.9%) patients. The bacterial infections observed in this study are listed in Table 2 . Urinary tract infections were the most frequent bacterial infections, observed in 2.8% of the patients (12 of 430). Other bacterial infections observed during the treatment period were bacterial pneumonia (n=3), acute bacterial prostatitis (n=1), cellulitis (n=1), cholecystitis (n=1), infectious enterocolitis (n= 1), liver abscesses (n=1) and otitis media (n=1). The rate of urinary tract infections among women (11 of 215, 5.1%) was significantly higher than that observed among men (1 of 215, 0.5%) (p<0.0001).
The percentage of patients experiencing on-treatment bacterial infections is shown in Figure. Bacterial infections occurred throughout the treatment period, although the onset of bacterial infections was most frequently seen from week 0 to 4, and 71.4% (15 of 21) of the patients who developed a bacterial infection did so during the initial eight weeks of treatment.
Pretreatment and on-treatment factors associated with the incidence of bacterial infections
The univariate analysis extracted a low serum albumin level (p=0.001) and estimated glomerular filtration rate (p= 0.033) as being significantly associated with the occurrence of bacterial infection (Table 3 ). In multivariable logistic regression analysis of possible pretreatment and on-treatment predictors of the incidence of bacterial infection, a signifi- 
Premature discontinuation of treatment due to bacterial infection
Of the 21 patients, one (4.8%) had to discontinue the treatment due to liver abscess formation. The other 20 patients were able to continue the anti-viral treatment in combination with antibiotic treatment. The rate of discontinuation among the patients with bacterial infections was lower than that observed in those without bacterial infection (52 of 409, 12.7%), although the difference was not significant (p= 0.494).
Discussion
This multicenter study was carried out in order to evaluate the baseline and on-treatment predictors of bacterial infection in patients treated with TVR-based triple therapy. The availability of protease inhibitors has improved the treatment outcomes of chronic hepatitis C by achieving higher rates of SVR. However, adverse events are experienced by almost all patients. The most frequently reported adverse effects associated with TVR include hematological disorders (anemia, thrombocytopenia, leukocytopenia and neutropenia), drug-induced skin disorders (pruritus and rashes), gastrointestinal disorders (nausea, anorexia and diarrhea), general fatigue and elevated serum levels of uric acid, bilirubin and creatinine (12, 13, 15, (17) (18) (19) 22) . Major adverse effects, including hematological, skin and gastrointestinal disorders, occur at a higher rate among the patients receiving TVR-based triple therapy than among those receiving PegIFNα and RBV alone (12, 13, 15) . There are few studies regarding the occurrence of bacterial infection as an adverse effect of TVR-based triple therapy. The incidence of bacterial infections, such as cellulitis, pneumonia, bronchitis and sepsis, was recently reported to be less than 1% of patients treated with TVR-based triple therapy in some studies (12, 15) . Among patients with chronic hepatitis C infection receiving treatment with PegIFNα and RBV alone, the incidence of bacterial infection is considered to be a rare adverse effect. Arase et al. (23) reported that, in their study, only 2 of 612 (0.3%) Japanese patients who received PegIFNα2b and RBV alone developed bacterial infections (pneumonia), while Kuboki et al. (24) reported that none of 99 Japanese patients receiving PegIFNα2a and RBV alone developed bacterial infections. Therefore, it is necessary to investigate the characteristics of bacterial infections as adverse effects of TVR-based triple therapy.
According to the results of the present study, bacterial infections occurred during the treatment period in 21 of the 430 (4.9%) patients. The reason for the higher than expected rate of bacterial infections is likely because this study included both patients with and without premature discontinuation. Urinary tract infections occurred in 2.8% (12 of 430 patients) and constituted the most frequent bacterial infection. In addition, the rate of urinary tract infection was significantly higher among women (11 of 215, 5.1%) than among men (1 of 215, 0.5%) (p<0.0001). A multivariable logistic regression analysis of pretreatment and on-treatment predictors of bacterial infections found a low serum albumin level to be the only independent predictor. It is thought that the low serum albumin levels seen in chronic hepatitis patients are associated with advanced liver fibrosis; however, in the present study, we found no such associations, as there were no significant differences in the platelet count or liver histology between the patients with bacterial infections and those without. Moreover, no significant differences were noted in the white blood cell count, neutrophil count, ontreatment neutrophil count or frequency of a past history of splenectomy/partial splenic embolization or the oral administration of corticosteroids between the groups. Because a low serum albumin level was identified to be the only predictor, it is very difficult to predict the incidence of bacterial infections during TVR-based triple therapy. Further studies are thus required to clarify the association between a low serum albumin level and the onset of bacterial infections during TVR-based triple therapy.
In this study, we showed that bacterial infections occurred throughout the treatment period, although 71.4% (15 of 21) of the patients who developed bacterial infections did so during the initial eight weeks of treatment. This result is useful for predicting the occurrence of bacterial infections. Furthermore, there were no significant differences in the rates of SVR or premature discontinuation between the patients with bacterial infections and those without in this study. Therefore, obtaining an early diagnosis of bacterial infections may help to reduce the risk of premature discontinuation and increase the rate of successful completion of treatment, thus optimizing the outcomes of HCV treatment.
The study has a number of limitations. First, we studied only Japanese patients infected with HCV. As is characteristic of Japanese chronic hepatitis C patients, the age of our patients was much higher than that seen in other ethnic groups (12, 15) . Hence, our results may not be generalizable to patients in other ethnic groups. Second, our patients received only 24 weeks of therapy in total, which is not the same as that observed for the standard response-guided therapy used in other facilities, although it is the approved regimen of the Japanese Ministry of Health, Labour and Welfare. Third, our patients were under favorable baseline conditions and had no severe baseline comorbidities, such as cardiac, pulmonary, renal or hematological diseases. Hence, the ability to draw conclusions regarding infections associated with TVR-based triple therapy may be limited. Nevertheless, our findings provide significant information as this is the first study of bacterial infections as an adverse effect of TVR-based regimens. Because bacterial infections are adverse effects associated with TVR, a first-generation HCV protease inhibitor, clinicians should be cautious of this adverse effect when prescribing a second-generation HCV protease inhibitor.
In conclusion, clinicians should be concerned for the potential for bacterial infections in patients receiving TVRbased triple therapy, especially those with a low serum albumin level. Proper management and careful monitoring of symptoms of bacterial infection are needed in such cases, particularly during the first eight weeks of treatment.
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